Within ARDA's GI2Vis program, we developed a unique framework for the definition of decision support requirements for intelligence analysis tools. This framework, based on a first-of-a-kind integration of a model of inferential analysis and principles for designing effective human-computer teams from Cognitive Systems Engineering, has defined the essential support functions to be provided to the intelligence analyst(s). This model has proven to be extremely useful in assessing the support provided by a large set of visualization tools. This assessment has identified clusters of support functions that are addressed by many tools as well as key missing support functions. In this way, the Support Function Model has been used to identify gaps in the support function coverage of existing tools. This can serve as a valuable focusing mechanism for future design and development efforts. In addition, we would like to see its use as a mechanism to enhance cross-discussions among research teams involved in Cognitive Task Analysis efforts within the Intelligence Community. Having others transform their analytic results into this framework would provide the mechanism for expansion of this model to become a more robust tool and have an even greater impact on the Intelligence Community.
The Need
Intelligence analysts are faced with one of the most formidable data overload problems in our world today. These include counter-terror, counter-insurgency, counter-drug, strategic assessment, etc. As a result, they need every advantage they can get. However, simply providing the analysts with additional data is not sufficient to make the necessary breakthroughs in intelligence analysis. Most technological advantages, however, are on the 'front end' -providing greater data gathering techniques to help assure that critical events are not missed.
The challenge is to design effective collaborative decision support tools for the intelligence analysis process. Considerable support needs to be provided for (a) the cognitive activities involved in abductive inferential analysis which is at the heart of intelligence analysis and (b) the collaboration activities involved in interacting with advanced automation in order to build effective joint cognitive systems (analyst(s) paired with automation tools to form an effective team).
Our Solution
Our proposed solution is a Support Function Model for Intelligence Analysis (See Figure 1) . This model is a crossproduct of two inter-related applications of Cognitive Systems Engineering (CSE) to the challenge of designing decision support tools for the Intelligence Community (IC).
First, based on a synthesis of prior work (Miller, et al., 2001; , it is a model of interacting functions that comprise inferential analysis. This intelligence analysis model is an iterative broadening / narrowing convergent process. This model is a 'closed loop' model of interacting functions (not a sequence of tasks) based on the primary functions of Down Collect, Conflict and Corroboration, and Hypothesis Exploration. These functions were identified as the cornerstones for effective intelligence analysis. Down Collect deals with the focused collection of an essential, representative, 'on analysis' sample from available data. Conflict and Collaboration is focused on the construction of accurate interpretations of the findings from the Down Collect process. Hypothesis Exploration is focused on the construction of coherent stories/hypotheses to explain the interpretations of the findings. All of these functions are 'narrowing' functions, in that they focus on a reduction of the problem toward 'the answer'.
In addition, there are 'broadening' functions that serve as cross-checks against the predominantly narrowing aspects of the primary functions. The natural tensions between broadening (to fully explore all options) and narrowing (to a • Hypothesis Exploration / Down Collect broadening is focused on revising the down collect process based on alternative hypotheses under consideration as well as on generating new alternative hypotheses based on revised Down Collect results. Our hypothesis is that in order to be effective, support must be provided for explicit control of this convergent, broadening / narrowing process. Thus, our Support Function Model defines a system design goal decomposition model of support requirements for these functions. Requirements arise from two fundamentally different but complementary dimensions. First, there is the decomposition of system goals into sub-goals based on the framework defined by the convergent broadening / narrowing model of intelligence analysis. Second, that system goal decomposition model is augmented with requirements specific to the design of a joint cognitive system.
Finding Decision Support Requirements for Effective Intelligence Analysis Tools
Within each of the primary functions (Down Collect; Conflict and Corroboration; Hypothesis Exploration) is a specific set of support functions for accomplishing the primary function. This integration results in a totally unique set of system requirements that define the decision support requirements for inferential analysis as well as support for effective human-automation interaction. This is a significant breakthrough in the application of lessons learned from many years of research on human interaction with complex systems.
This Support Function Model has served as a mechanism to evaluate the decision support capabilities of intelligence analysis tools as well as identify gaps in the support function coverage of existing tools. This was accomplished by referencing a large sample of visualization tools onto the Support Function Model. This has provided a valuable focusing mechanism for future design and development efforts.
